All relevant data are within the paper and its Supporting Information files.

Introduction {#sec005}
============

Various studies seem to indicate an increased overweight risk in children attending child-care (e.g. \[[@pone.0203689.ref001]--[@pone.0203689.ref004]\]), although this association seems to be dependent on a number of factors, including age at initiation and type of care \[[@pone.0203689.ref005]\]. Nonetheless, child-care and early education facilities (including pre-school, kindergarten, day-care) could play an important role in childhood overweight prevention \[[@pone.0203689.ref006]\]. Not only parents \[[@pone.0203689.ref007], [@pone.0203689.ref008]\], but also child-care workers' practices have an important influence on children's dietary intake and physical activity \[[@pone.0203689.ref009]\]. Specifically, responsive strategies that enable child control over eating seem benificial \[[@pone.0203689.ref009], [@pone.0203689.ref010]\]. Encouragement and modeling of healthy behaviors by child-care staff also seems very promising \[[@pone.0203689.ref009], [@pone.0203689.ref011]--[@pone.0203689.ref013]\]. In line with this, positive supporting approaches by parents, stimulating intake of healthy foods and being physically active and being a positive role model, consistently show positive effects \[[@pone.0203689.ref007], [@pone.0203689.ref008]\]. On the other hand, emotional feeding practices, in which food is used by parents to comfort a child, are consistently associated with undesirable outcomes \[[@pone.0203689.ref007]\].

While our knowledge of the role of parental and child-care staff behavior in the development and prevention of obesity is rapidly increasing, studies into determinants of children's behavior and weight status have almost exclusively focused on examination of the influence of either child-care *or* home influences \[[@pone.0203689.ref014]\]. However, the ecological systems perspective of environmental influences on human behavior \[[@pone.0203689.ref015], [@pone.0203689.ref016]\] argues that settings, such as the home and child-care setting, interact with each other in influencing children's behavior and weight status \[[@pone.0203689.ref017], [@pone.0203689.ref018]\]. The influence of the child-care environment thus depends on what happens at home, as well as the other way around \[[@pone.0203689.ref014]\]. Within the ecological systems perspective, interaction between settings, or so-called 'micro-systems', has been defined as the 'meso-system' \[[@pone.0203689.ref019]\]. Although quantitative studies examining the home-child-care meso-system are lacking \[[@pone.0203689.ref014]\], qualitative research provides strong indications that interaction between settings exists. Several qualitative studies among child-care workers highlighted the importance of support of and communication with parents for promoting sufficient physical activity and healthy dietary intake at child-care \[[@pone.0203689.ref020]--[@pone.0203689.ref023]\]. Parents were explicitly mentioned by child-care staff as an obstacle to physical activity, as parents restricted children's activities at the child-care centers due to a variety of reasons (e.g. parents limiting time children were allowed to spend outdoors at child-care, letting children wear clothes unsuitable for physical activity, communicating that the child is not able yet to perform certain activities, prioritizing academic performance, safety concerns \[[@pone.0203689.ref022]--[@pone.0203689.ref027]\]). Similarly, parents were also commonly mentioned as a barrier for promoting healthy nutrition in child-care \[[@pone.0203689.ref028], [@pone.0203689.ref029]\], and child-care staff even used certain feeding practices despite knowing these would have adverse effects, out of fear for parents' reactions if a child would not have eaten enough at child-care \[[@pone.0203689.ref030]\]. In addition to parents influencing behavior in the child-care setting, child-care workers also indicated interaction the other way around: they advised parents regarding children's physical activity and nutrition and were aware that they could be a role model for parents \[[@pone.0203689.ref023], [@pone.0203689.ref025], [@pone.0203689.ref031]\], but also felt uncomfortable addressing weight-related issues with parents \[[@pone.0203689.ref031], [@pone.0203689.ref032]\]. Parents recognized that child-care practices influenced the home situation and child's behavior at home, both positively and negatively \[[@pone.0203689.ref033], [@pone.0203689.ref034]\]. Parents also actively sought parenting advice from child-care workers \[[@pone.0203689.ref021]\]. Inconsistency between the child-care setting and home was perceived as hampering physical activity at child-care \[[@pone.0203689.ref020]\]. Also for interventions, Nader and colleagues have argued the importance of aligning obesity prevention messages from different sources to create synergistic effects \[[@pone.0203689.ref035]\].

The notion that inconsistency might result in negative effects on child outcomes is not new. Although quantitative studies examining home-child-care meso-system inconsistency are lacking \[[@pone.0203689.ref014]\], previous research has examined consistency on a more proximal level: within the home micro-setting. Some studies have shown that inconsistencies between parents with regard to parenting practices are associated with undesirable outcomes \[[@pone.0203689.ref036], [@pone.0203689.ref037]\]. If fathers and mothers showed large differences between their practices, their practices less often had the intended desirable effects on snack intake \[[@pone.0203689.ref037]\]. Inconsistency of parenting between fathers and mothers was further associated with higher child BMI \[[@pone.0203689.ref036]\]. Zooming in even further, we can see that also within one caregiver consistency is important: the parenting dimension Structure, reflecting consistency over time, has been shown to be associated with child outcomes \[[@pone.0203689.ref038]\].

The current study examines the role of inconsistency between parents' and child-care workers' practices, based on the ecological perspective. In line with the studies described above, we hypothesize that inconsistency is associated with undesirable child outcomes.

Materials and methods {#sec006}
=====================

Respondents and procedure {#sec007}
-------------------------

Formal center-based child-care in the Netherlands is typically organized in centers that house one or more groups of around 15 children during the day. Opening hours vary around 10--12 hours, from 7-8am to 6-7pm. Depending on the age of the children, two to three staff members supervise a group. Parents can get funding for child-care from the Dutch government, depending on parents' income and working hours.

A total of 174 child-care centers in the southern provinces of the Netherlands (Noord-Brabant and Limburg) were approached to participate in the current study. Twenty-three child-care centers (13.2%) agreed to participate in the study. All parents of the children aged 1 to 4 years old from these child-care centers were invited to participate either by letter or email, as well as face-to-face on-site recruitment at drop-off and pick-up times. In total, parents of 218 children agreed to participate. All parents of participating children provided written informed consent. In addition, participating child-care staff also provided written informed consent. Eight children were excluded because of severe food intolerances or allergies, not being able to walk independently or being indicated as too young for the study by the parents, resulting in a sample of 210 children. The data collection period ranged from November 2014 to January 2016. The study was approved by the Maastricht University Medical Centre+ medical ethics committee.

For each child-parent-child-care staff member triad, several measures were completed: Parents and child-care staff filled out a questionnaire, children were measured and weighed at the child-care center, and children wore accelerometers to assess physical activity. For 161 triads (76.7%) the parenting practices questionnaire and child-care staff practices questionnaire were available. These triads were included in the analyses. Reasons for missing data were for instance absence of the child due to illness on the measurement day. The measures are described in more detail below.

Measures {#sec008}
--------

### Parenting practices, child-care practices, and inconsistencies {#sec009}

Parents filled out a questionnaire regarding their parenting practices. Parenting practices were assessed using the validated Child Feeding Practices Questionnaire (CFPQ, \[[@pone.0203689.ref039]\]) for diet-related practices and Preschooler Physical Activity Parenting Practices (PPAPP) instrument \[[@pone.0203689.ref040]\] for physical activity-related practices. Child-care workers' diet- and physical activity-related practices were assessed using the Child-care Food and Activity Practices Questionnaire (CFAPQ, \[[@pone.0203689.ref041]\]). One child-care worker per group filled out the questionnaire for the whole group, not per individual child. Diet-related items were answered using a five-point Likert scale ranging from 'never' to 'always' for questions, and from 'disagree' to 'agree' for the statements. All activity-related items were answered on a five-point Likert-scale ranging from 'never' to 'always'. The CFAPQ was designed by converting items of the CFPQ \[[@pone.0203689.ref039]\] and PPAPP \[[@pone.0203689.ref040]\] to items suitable for the child-care setting. Using the same items in both settings allows for comparison between both settings, ruling out the possibility that measurement differences cause spurious inconsistencies between both settings, instead of measuring actual inconsistencies \[[@pone.0203689.ref041]\].

Nine out of 49 items of the CFPQ \[[@pone.0203689.ref039]\] and 9 items of the 32 item PPAPP questionnaire \[[@pone.0203689.ref040]\] were dropped because they were not included in the 63 items of the CFAPQ (as they were not applicable to the child-care setting \[[@pone.0203689.ref041]\]), and could thus not be compared between settings. 11 items of the CFAPQ were dropped because a combination of the items being considered less applicable for the Dutch setting and space limitations in the questionnaires. For example, the items assessing videogame use and long periods of TV watching were dropped, as this is not common in Dutch child-care. This resulted in 52 items being assessed in both the parental sample and the child-care staff sample. The scales of the CFPQ and PPAPP were applied to both the parenting practices items (as assessed by the CFPQ and PPAPP) and the child-care practices items (as assessed by the CFAPQ).

To ensure comparability between and scale reliability in both settings, the same scales had to be applied to both the child-care items and the parental items. The following procedure was used. Reliability for the child-care instrument was examined by calculating Cronbach's alpha values, applying the CFPQ and PPAPP scales. Items were removed until all scales reached acceptable Cronbach's alphas (\>.50; \[[@pone.0203689.ref042]\]). These adjusted scales were then applied to the parental items, subsequently calculating Cronbach's alpha's and removing items until all scales reached acceptable Cronbach's alpha's in the parental sample as well. Next, these adjusted scales were again applied to the child-care items to check whether these second time adjusted scales were still reliable in the child-care sample. This procedure resulted in several single items, in addition to the scales. The items of each reliable scale were added and divided by the number of items to calculate the average score for each practice. The final scales and their reliability, as well as the single items, are presented in [Table 1](#pone.0203689.t001){ref-type="table"}.

10.1371/journal.pone.0203689.t001

###### Descriptive and scale information of and differences between parenting and child-care staff practices[^a^](#t001fn001){ref-type="table-fn"} (N = 161).

![](pone.0203689.t001){#pone.0203689.t001g}

  Category                                                                                                                                   Practice                                              Number of items   Parental sample   Child-care staff sample   p-value difference[^b^](#t001fn002){ref-type="table-fn"}                
  ------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------- ----------------- ----------------- ------------------------- ---------------------------------------------------------- ------------ --------
  Diet-related                                                                                                                               Restriction                                           5                 .56               3.31 (.65)                .63                                                        3.71 (.69)   \<.001
  Modeling                                                                                                                                   4                                                     .73               4.22 (.59)        .63                       4.51 (.52)                                                 \<.001       
  Encourage balance and variety                                                                                                              3                                                     .57               4.31 (.59)        .63                       4.44 (.55)                                                 .040         
   *Single item*: How often do you encourage your child/the children to eat healthy foods before unhealthy ones?                             1                                                     \-                3.93 (1.09)       \-                        4.37 (1.04)                                                .001         
  Environment                                                                                                                                2                                                     .52               3.70 (.86)        .59                       4.58 (.60)                                                 \<.001       
   *Single item*: I keep / There is a lot of snack food present in my house / the child-care center. (mirrored)                              1                                                     \-                3.53 (1.12)       \-                        4.59 (.92)                                                 \<.001       
   *Single item*: A variety of healthy foods are available to my child / the children at each meal served at home / the child-care center.   1                                                     \-                3.45 (1.08)       \-                        4.44 (.90)                                                 \<.001       
  Teaching about nutrition                                                                                                                   2                                                     .67               3.29 (1.15)       .64                       3.50 (.93)                                                 .070         
   *Single item*: I tell my child / the children what to eat and what not to eat without explanation. (mirrored)                             1                                                     \-                3.86 (.97)        \-                        4.38 (.97)                                                 \<.001       
  Pressure to eat                                                                                                                            4                                                     .70               3.05 (.85)        .70                       3.26 (.79)                                                 .025         
  Child control                                                                                                                              5                                                     .51               2.45 (.52)        .57                       2.66 (.56)                                                 \<.001       
  Emotion regulation                                                                                                                                                                                                                                                                                                                     
   *Single item*: How often when this / a child gets fussy, is giving him/her something to eat the first thing you do?                       1                                                     \-                1.76 (.73)        \-                        1.37 (.58)                                                 \<.001       
   *Single item*: How often do you give this / a child something to eat or drink if s/he is upset, even if you think s/he is not hungry?     1                                                     \-                1.39 (.64)        \-                        1.27 (.53)                                                 .054         
   *Single item*: How often do you give this / a child something to eat or drink if s/he is bored, even if you think s/he is not hungry?     1                                                     \-                1.28 (.53)        \-                        1.11 (.37)                                                 .001         
  Activity-related                                                                                                                           Parental/child-care worker engagement and structure   12                .83               3.43 (.45)                .89                                                        3.80 (.47)   \<.001
  Psychological control                                                                                                                      3                                                     .59               2.42 (.68)        .52                       2.30 (.68)                                                 .101         
   *Single item*: How often do you not let your child / children play actively for fear of him/her / them getting dirty?                     1                                                     \-                1.54 (.71)        \-                        1.27 (.74)                                                 .001         
   *Single item*: How often do you tell your child s/he is / children they are not good enough yet at sports or active games?                1                                                     \-                1.38 (.65)        \-                        1.05 (.22)                                                 \<.001       
  Promote inactivity                                                                                                                         2                                                     .56               2.13 (.82)        .54                       1.84 (.69)                                                 \<.001       
   *Single item*: How often do you have outdoor toys available for your child / the children?                                                1                                                     \-                4.43 (.77)        \-                        4.58 (.52)                                                 .035         

^a^ Parenting and child-care practices measure by CFPQ, PPAPP and CFAPQ (Scale 1--5).

^b^ P-value from t-test comparing parenting practice and child-care practice.

Home-child-care inconsistencies were operationalised by the absolute difference score between the parenting practice and child-care practice score on each scale and single item.

### Children's physical activity, dietary intake, BMI and background characteristics {#sec010}

Children's physical activity level was objectively measured using an accelerometer (Actigraph GT3X+, 30 Hz, Actigraph Pensacola, FL), applying a validated wearing protocol \[[@pone.0203689.ref043]\]. The epoch was set to 15 seconds. Children wore the accelerometer for 7 consecutive days on the right hip during waking hours, except during swimming, showering and other activities involving water. To be included in the analyses, minimal wear time per day was 360 minutes. Based on a review of cut points for toddlers \[[@pone.0203689.ref044]\], cut points by Pate and colleagues \[[@pone.0203689.ref045]\] were applied to extract the time spent sedentary and in moderate to vigorous physical activity (MVPA). Time spent in these categories was divided by total wearing time to calculate percentage of wearing time spent sedentary and in MVPA. In addition, average counts per minute based on vector magnitude was extracted.

Overall dietary intake (including both intake at home and elsewhere) was assessed using a food frequency questionnaire in the parental questionnaire. Parents were asked how often their child consumed biscuits and cake, sweets, savory snacks, water (including unsweetened tea) and sweet beverages (including processed fruit juices; excluding fresh fruit juice). Answering options were 'never or less than once a week', '1--3 times a week', '4--6 times a week', 'once a day', 'twice a day', and '3 or more times a day'. Intake was recoded into weekly intake frequency using the midpoint value of each category comprising a range (e.g. 2 times a week for the category '1--3 times a week').

Children's height and weight were measured at the child-care center by trained research assistants. Height and weight were used to calculate body mass index (BMI), which was converted to BMI z-scores, reflecting the number of standard deviations the child differed from the age- and gender-specific mean of the national reference population \[[@pone.0203689.ref046]\].

In addition, several background characteristics were assessed through the parental questionnaire: which parent filled out the questionnaire (mother, father or together), gender and age (in months) of the child, parental age (in years), country of birth (the Netherlands vs. other) and BMI (in kg/m^2^, calculated from reported weight and height) of both parents, child-care use of the child (number of half-days per week), and educational level of the parents). Child-care use was converted into whole days. Educational level was converted into low (elementary school, lower secondary education, lower vocational education), medium (medium vocational education, higher secondary education and college prep) and high (higher vocational education, university); and then recoded into dummy variables for low and high compared to medium.

Finally, gender, age (in years) and BMI (in kg/m^2^, calculated from reported weight and height) of the child-care staff were assessed through the questionnaire for child-care staff.

Statistical analyses {#sec011}
--------------------

All analyses were conducted using SPSS 24.0. *p*-values \<.05 were considered statistically significant. Descriptive statistics were used to examine all variables included in the study. Paired T-tests were used to compare parenting practices to child-care staff practices, for each individual practice (scales and single items).

Multiple linear regression analyses were conducted to examine the associations between parenting practices on the one hand, and children's overall dietary intake (biscuits and cake, sweets, savory snacks, water and sweet beverages), total physical activity (average counts/minute, percentage sedentary, percentage MVPA) and BMI z-score, adjusted for children's background variables as described above (questionnaire completer; age, gender and child-care usage of the child; age, country of birth, educational level and BMI of both parents; age and BMI of the child-care staff member). This procedure was then repeated for staff practices, creating a new set of regression analyses. In a final set of regression analyses, the absolute difference scores between each parenting and child-care practice were added to the model with both parenting and child-care staff practices, as well as children's background characteristics. Considering the exploratory nature of the meso-system research question, the number of variables in the final models (including the difference scores) and the consequential risk of suppression, trends toward statistical significance (p \<.10) were also assessed.

Results {#sec012}
=======

Background characteristics of the children, parents and child-care staff are presented in [Table 2](#pone.0203689.t002){ref-type="table"}. There were slightly more girls (52.5%) than boys. Mean age of the children was 2 years and 10 months, and they used child-care for an average of 2 days a week. Questionnaires were mostly filled out by mothers (82.4%), and most parents had a high educational level (66.0 and 62.3% for questionnaire completers and their partners, respectively). Mean parental BMI (24.6 and 24.7, respectively) was somewhat higher than mean child-care staff BMI (22.6). Most child-care staff was female (94.6%).

10.1371/journal.pone.0203689.t002

###### Descriptives of background characteristics and outcome variables (N = 161).

![](pone.0203689.t002){#pone.0203689.t002g}

                                                                            N (%)[^a^](#t002fn002){ref-type="table-fn"}   Mean (sd)
  --------------------------------- ------------------------- ------------- --------------------------------------------- ------------
  **Child**                         Gender                    *Boy*         76 (47.5%)                                    
  *Girl*                            84 (52.5%)                                                                            
  Age (months)                                                              34.4 (9.1)                                    
  BMI z-score                                                               .35 (.95)                                     
  Child-care use                                                            2.0 (0.8)                                     
  Dietary intake (times per week)   *Biscuits and cake*                     4.6 (2.9)                                     
  *Sweets*                                                    4.0 (4.2)                                                   
  *Savory snacks*                                             2.4 (2.9)                                                   
  *Water*                                                     10.4 (7.8)                                                  
  *Sweet drinks*                                              11.0 (6.6)                                                  
  Physical activity                 *Average counts/minute*                 1130.3 (223.7)                                
  *Percentage sedentary*                                      81.8 (4.5)                                                  
  *Percentage MVPA*                                           8.7 (3.1)                                                   
  **Questionnaire completer**                                 *Mother*      131 (82.4%)                                   
  *Father*                          18 (11.3%)                                                                            
  *Together*                        10 (6.2%)                                                                             
  Age (years)                                                               34.7 (4.2)                                    
  County of birth                   *The Netherlands*         153 (95.6%)                                                 
  *Other*                           7 (4.4%)                                                                              
  Educational level                 *Low*                     8 (5.0%)                                                    
  *Medium*                          46 (28.9%)                                                                            
  *High*                            105 (66.0%)                                                                           
  BMI                                                                       24.6 (3.8)                                    
  **Partner**                       Age (years)                                                                           36.8 (4.4)
  County of birth                   *The Netherlands*         149 (95.5%)                                                 
  *Other*                           7 (4.5%)                                                                              
  Educational level                 *Low*                     12 (7.8%)                                                   
  *Medium*                          46 (29.9%)                                                                            
  *High*                            96 (62.3%)                                                                            
  BMI                                                                       24.7 (2.8)                                    
  **Child-care staff**              Gender                    *Female*      35 (94.6%)                                    
  *Male*                            2 (5.4%)                                                                              
  Age (years)                                                               39.3 (11.2)                                   
  BMI                                                                       22.6 (2.6)                                    

Notes: BMI: body mass index, MVPA: moderate to vigorous activity, sd: standard deviation

^a^ N's deviate from total sample size due to missing values. Valid percentages are presented.

Children were somewhat heavier than the reference population \[[@pone.0203689.ref046]\], with an average BMI z-score of .35 (see [Table 2](#pone.0203689.t002){ref-type="table"}). They drank sweet drinks more often (11.0 times a week) than water (10.4 times). Children were sedentary for the larger part of the time (81.8%), and accumulated 8.7% MVPA. The means of parents and child-care staff on the practices can be found in [Table 1](#pone.0203689.t001){ref-type="table"}. Parents scored high (\>4.0 on a scale 1--5) on diet-related modeling and encouraging balance and variety, as well as having outdoor toys available for the children. Child-care staff scored high on these practices as well, and additionally on encouraging children to eat healthy foods before unhealthy ones, keeping few snack foods around, and having a variety of healthy foods available. Parents and child-care staff both scored low (\<2.0) on the diet-related emotion regulation and activity-related psychological control single items. Additionally, child-care staff, but not parents, scored low on promoting inactivity.

Associations of parenting and child-care practices with child outcomes {#sec013}
----------------------------------------------------------------------

Parents having healthy foods available was significantly associated with children eating less biscuits and cake (standardized regression coefficient β = -.29, p = .04). Parental modeling of healthy food intake was associated with lower savory snack intake of the children (β = -.29, p = .03), but with higher child BMI (β = .32, p = .04). Parental emotion regulation by giving a child food if the child was fussy (β = .37, p = \<.01) or bored (β = .23, p = .04) was associated with higher savory snack intake. Parental emotion regulation if a child was upset was associated with higher sweet drink intake (β = .33, p = .01). Parents who encouraged balance and variety had children who ate more savory snacks (β = .29, p = .03).

As regards physical activity parenting practices, parents having outdoor toys available at home was associated with higher overall activity levels (CPM, β = .33, p \<.001), more MVPA (β = .27, p = .01), and less sedentary time (β = -.24, p = .01). Parents promoting inactivity was associated with more MVPA (β = .28, p = .04).

With regard to child-care workers, encouraging children to eat healthy foods before unhealthy ones was associated with lower sweets intake (β = -.31, p = .04). Staff modeling of healthy intake was associated with higher water intake (β = .40, p = .02). Use of food to calm a fussy child down was associated with higher sweet drink intake (β = .42, p = .02). Child-care workers teaching about nutrition was associated with higher biscuit and cake (β = .34, p = .04), sweets (β = .42, p \<.01) and savory snack (β = .32, p = .04) intake. Child-care workers giving children much control over their intake was associated with lower child BMI (β = -.37, p = .04).

Child-care workers promoting inactivity was associated with lower overall activity level (β = -.28, p = .03), and more sedentary time (β = .39, p \<.01). Child-care staff limiting children's activity out of fear of them getting dirty was associated with more MVPA (β = .32, p = .01).

Consistency of parenting and child-care practices {#sec014}
-------------------------------------------------

For the majority of the practices (16 out of 20), there was a significant difference (p \<.05) between parents and child-care staff, with three out of the four remaining practices showing a marginal significant difference (p \<.10; see [Table 1](#pone.0203689.t001){ref-type="table"}). For all activity-related practices (5 out of 5) and most diet-related practices (13 out of 15), child-care staff scored more favorably on the practices scales than parents. Exceptions were child-care staff scoring higher on restriction (3.71 vs. 3.31 for the parents) and pressure to eat (3.26 vs. 3.05 for the parents).

Associations of consistency between parents and child-care staff with child outcomes {#sec015}
------------------------------------------------------------------------------------

Associations of inconsistencies between parents and child-care staff were examined while adjusting for main effects of parents' and staff practices. The associations are presented in Tables [3](#pone.0203689.t003){ref-type="table"} and [4](#pone.0203689.t004){ref-type="table"}. Inconsistencies with regard to restriction were associated with higher sweet beverages intake (β = .26, p = .02) and marginally associated with higher sweets intake (β = .21, p = .08). Inconsistent emotion regulation if the child was bored was associated with lower water intake (β = -.57, p = .046). Inconsistencies in encouraging balance and variety were associated with higher biscuit and cake intake (β = .52, p \<.01). Inconsistencies in pressure to eat were associated with higher sweet beverages intake (β = .29, p = .04). Inconsistencies in modeling of healthy intake were associated with higher savory snack intake (β = .40, p = .03), but lower biscuit and cake intake (β = -.38, p = .03). Inconsistencies in having few snacks around were associated with lower sweet beverages intake (β = -.46, p = .04).

10.1371/journal.pone.0203689.t003

###### Association of difference scores between parents and child-care staff practices, with child dietary intake.

![](pone.0203689.t003){#pone.0203689.t003g}

                                                     *Standardized regression coefficient (β) for absolute difference score between practices*                                                                                                                                                  
  -------------------------------------------------- ------------------------------------------------------------------------------------------- ----------------------------------------------- ---------------------------------------------- ----------------------------------------------- -----------------------------------------------
  Restriction                                        .00                                                                                         **.21**[^Ɨ^](#t003fn001){ref-type="table-fn"}   -.01                                           -.09                                            **.26**[\*](#t003fn002){ref-type="table-fn"}
  Modeling                                           **-.38**[\*](#t003fn002){ref-type="table-fn"}                                               .12                                             **.40**[\*](#t003fn002){ref-type="table-fn"}   -.12                                            -.04
  Encourage balance and variety                      **.52**[\*\*](#t003fn003){ref-type="table-fn"}                                              -.05                                            -.10                                           -.06                                            .06
  Encourage healthy food before unhealthy            .04                                                                                         -.05                                            .22                                            -.20                                            .27
  Environment                                        .20                                                                                         .21                                             -.14                                           -.05                                            .05
  A lot of snack food present (*m*)                  .14                                                                                         .04                                             .20                                            .10                                             **-.46**[\*](#t003fn002){ref-type="table-fn"}
  Variety of healthy foods available                 .21                                                                                         .**41**[^Ɨ^](#t003fn001){ref-type="table-fn"}   -.03                                           .16                                             .30
  Teaching about nutrition                           -.21                                                                                        -.10                                            -.10                                           .00                                             -.02
  Tell child what to eat without explanation (*m*)   .13                                                                                         -.17                                            -.17                                           -.05                                            -.03
  Pressure to eat                                    .05                                                                                         .04                                             .05                                            -.20                                            **.29**[\*](#t003fn002){ref-type="table-fn"}
  Child control                                      -.09                                                                                        -.17                                            .08                                            .20                                             .00
  Giving something to eat if child is fussy          -.12                                                                                        -.05                                            .05                                            .10                                             -.02
  Giving something to eat if child is upset          .23                                                                                         .29                                             -.06                                           .11                                             -.19
  Giving something to eat if child is bored          .27                                                                                         .22                                             .05                                            **-.57**[\*](#t003fn002){ref-type="table-fn"}   .44

^Ɨ^ p \<.10,

\* p \<.05,

\*\* p \<.01

Notes: All models are adjusted for the main effects of parenting and child-care staff practices, as well as the following covariates: questionnaire completer; age, gender and child-care usage of the child; age, country of birth, educational level and BMI of both parents; age and BMI of the child-care staff member. (Marginally) significant associations are presented **bold**. Abbreviation: m: item mirrored.

10.1371/journal.pone.0203689.t004

###### Association of parenting practices, child-care practice and difference scores between parents and child-care staff, with child physical activity.

![](pone.0203689.t004){#pone.0203689.t004g}

                                *Standardized regression coefficient (β) for absolute difference score between practices*          
  ----------------------------- ------------------------------------------------------------------------------------------- ------ ------------------------------------------------
  Engagement and structure      .06                                                                                         -.04   -.01
  Psychological control         -.11                                                                                        .09    -.10
  Fear of child getting dirty   **-.34**[^Ɨ^](#t004fn001){ref-type="table-fn"}                                              .30    .24
  Child not good enough at PA   -.09                                                                                        -.07   .03
  Promote inactivity            \-**.18**[^Ɨ^](#t004fn001){ref-type="table-fn"}                                             .16    **-.26**[^Ɨ^](#t004fn001){ref-type="table-fn"}
  *O*utdoor toys available      .08                                                                                         -.01   .01

^Ɨ^ p \<.10

Notes: All models are adjusted for the main effects of parenting and child-care staff practices, as well as the following covariates: questionnaire completer; age, gender and child-care usage of the child; age, country of birth, educational level and BMI of both parents; age and BMI of the child-care staff member. (Marginally) significant associations are presented **bold**.

As regards physical activity, inconsistencies between parents and child-care staff with regard to promoting inactivity showed a trend for being associated with less MVPA (β = -.26, p = .08), as well as for a lower CPM (β = -.18, p = .099). Inconsistencies in letting children not being active out of fear of them getting dirty, was marginally significantly associated with lower average activity levels (CPM, β = -.34, p = .06).

Discussion {#sec016}
==========

The current study explored the association between inconsistency of practices in the home and child-care setting on the one hand, and children's diet, physical activity and BMI on the other. The research question is in line with the hypothesized existence of meso-systems (interactions between two or more micro-systems), as proposed by the ecological systems perspective \[[@pone.0203689.ref017]\]. This study showed the existence of inconsistencies in energy balance-related practices between child-care and home, with the large majority of examined practices showing significant differences between both settings. Overall, child-care staff scored more favorably than parents, with higher scores on desirable practices and lower scores on undesirable practices. This seems logical, as working in child-care requires a pedagogical education, while most parents have not had any preparation for parenthood. Moreover, child-care workers are guided and constrained by center and governmental policies and regulations, and have certain standardized play facilities (e.g. outdoor play space) and foods available at child-care, which does not apply to parents.

As for the effect of inconsistency on the child, most associations pointed in the direction that inconsistencies were associated with unhealthy child outcomes. However, there were a few associations pointing in the opposite direction, and a large number of non-significant associations. Hence, cautious interpretation is needed, also in light of the limitations of the current study. Nonetheless, the findings mostly seem to confirm the hypothesis that meso-system inconsistencies have negative effects, in line with qualitative studies (see e.g. \[[@pone.0203689.ref014]\]). In fact, the data showed several practices from individual settings which did not contribute to child outcomes, while the discrepancy between the settings did explain child outcomes. For example, for both pressure to eat and restriction, there were no main effects of the use of the practice by parents or child-care staff. However, for both practices, larger difference scores between both caregivers (parents and staff) were significantly associated with higher sweet drink intake by the child, even when controlled for the main effects of each setting. This underlines the added value of examining meso-systems in addition to micro systems, applying an ecological systems view. As for the child, one can imagine the confusion that arises in this situation: one day your feelings of hunger and satiety are respected, while the next day you are pressured to clear your plate or continue eating, disregarding those same feelings and consequently subverting the innate ability to self-regulate energy intake (see e.g. \[[@pone.0203689.ref047]\]).

Also general child development literature points in the direction that inconsistencies in parents' and child-care staff's general child-rearing practices affect children's wellbeing negatively \[[@pone.0203689.ref048]\]. This underlines basic assumptions of the ecological perspective: the stronger the link between two micro-systems, the better the child's outcomes \[[@pone.0203689.ref049]\]. The problem is that while the child participates fully in these two micro-systems with different demands, parents and child-care staff do not have a direct link with the other micro-system \[[@pone.0203689.ref049]\]. This link can be created through communication: Communication between home and child-care improves child-care quality \[[@pone.0203689.ref050]\], and creates synergy and consistency, supporting optimal child development \[[@pone.0203689.ref051]\]. Parents and supervisors can, for instance, make agreements on the foods that should be offered to the child. However, there are numerous barriers for communication between child-care providers and parents, including parents being too busy and child-care providers being afraid to offend parents \[[@pone.0203689.ref052]\]. Clear, written policies can facilitate communication \[[@pone.0203689.ref052]\], giving child-care workers a tool they can refer to and fall back on. However, such policies are often lacking for physical activity and sedentary time \[[@pone.0203689.ref053]\], and are often not comprehensive for nutrition \[[@pone.0203689.ref028]\]. In addition, it is important to realize that policies are not a magic bullet: they have no use if they are not acted upon by staff. Implementation of state level nutrition policies in the US, for example, led to only modest improvements in child-care nutrition practices, showing that policy implementation needs to be coupled with center level support to ensure centers and staff comply with these policies \[[@pone.0203689.ref054]\]. Policy changes should thus be embedded in comprehensive multilevel programs. Parental involvement in such programs is crucial: A recent review of obesity prevention interventions in early care and education settings showed that child-care interventions which include parental engagement are most effective \[[@pone.0203689.ref055]\]. The same has been concluded for interventions in schools \[[@pone.0203689.ref056]\]; Okely and Hammersley recently suggested that school-home partnerships might be 'the missing piece' in our obesity prevention efforts \[[@pone.0203689.ref057]\]. Our study extends this conclusion, by indicating that parents should not only be included in programs, but that such a parental component should also be consistent with the child-care (or school) component, in order for parents and child-care workers to convey the same messages to the child and avoid inconsistencies. Assuming our cautious conclusion that inconsistency can have negative effects on the child is correct, this could even imply that single-setting interventions can potentially be harmful if they create or increase inconsistencies between settings. Perhaps focussing on small instead of large changes in child-care interventions is crucial, avoiding to create large discrepancies with the home environment. Small steps leave room for transfer of intervention effects from child-care to the home setting, graduately moving *both* settings in the desired direction. Opposing these hypotheses, however, some authors propose that for children's cognitive and socioemotional development, high child-care quality is particularly important for children from low-income families \[[@pone.0203689.ref058]\], and that high-quality child-care can diminish the adverse effects of a disadvantaged home \[[@pone.0203689.ref018], [@pone.0203689.ref051]\]. In this respect, it would be interesting to specifically look at the direction of discrepancies: in the current study childcare staff mostly scored more favorable on practices than parents; it is not clear whether effects of inconsistencies are the same when the home setting is more favorable than the child-care setting. In addition, the intensity of child-care use might play a role. Children in the current study used child-care for an average of 2 days a week. The majority of the week they were thus cared for elsewhere, by either their parents or another formal or informal caregiver. Meso-system (in)consistencies might become increasingly important with increasing child-care use. Thus, the central question seems to be under which circumstances two micro-systems can reach meso-system synergy. More research will be needed to examine these assumptions and hypotheses in the context of obesity \[[@pone.0203689.ref014]\].

A growing number of studies recognize the multivariate and multilevel structure of determinants of behavior \[[@pone.0203689.ref014]\], or as Hawe and colleagues \[[@pone.0203689.ref059]\] put it: 'It is hard these days to find a health promotion program that does not claim to take an ecological approach'. Various studies examine extensive multilevel lists of determinants of childhood obesity (e.g. \[[@pone.0203689.ref060]--[@pone.0203689.ref062]\], but relationships *between* determinants are often ignored \[[@pone.0203689.ref059]\], disregarding the assumption of interaction between behavioral determinants of the ecological perspective \[[@pone.0203689.ref014], [@pone.0203689.ref063]\]. We therefore call for examination of interaction between determinants and settings, potentially revealing meso-systems contributing to childhood obesity. Other meso-systems of potential interest include the home-school meso-system, but also the meso-system created by co-parenting of divorced parents. Qualitative research by Khandpur and colleagues \[[@pone.0203689.ref064]\] showed that 40% of divorced parents are not in line with each other with regard to feeding practices, often reflected in one parent undermining the other's efforts or overcompensation between parents. In line with current findings, such inconsistencies were found to result in unfavorable child outcomes, including child tantrums, manipulation and refusal to eat \[[@pone.0203689.ref064]\].

There is another important factor to consider when examining meso-systems influences. De Schipper and colleagues reported that especially for children with a more difficult temperament, several parallel care arrangements can interfere with the process of adapting to the child-care setting \[[@pone.0203689.ref065]\]. This indicates a three-way interaction between home, child-care and child temperament. Likewise, the number of days a child attends childcare might also influence the ability to cope with meso-system inconsistencies. The existence of such interactions could possibly explain some of mixed findings in the current study, as two of the associations of inconsistency actually showed positive effects (i.e. inconsistency in modeling of healthy intake was associated with lower biscuit and cake intake and inconsistency in having snacks around was associated with lower sweet drink intake). Depending on personal characteristics, one child might be better able to cope with meso-system inconsistencies than another. This assumption extends previous research showing that children respond differently to micro-system influences as well, depending on their temperament and other characteristics (see e.g. \[[@pone.0203689.ref066], [@pone.0203689.ref067]\]).

The current study has several strengths and limitations that need to be taken into account. A strength of the study is its design, which provided data regarding 161 child-parent-child-care staff triads. The same items for assessing diet- and activity-related practices were used in both settings, from questionnaires validated in both settings \[[@pone.0203689.ref039]--[@pone.0203689.ref041]\]. In addition, child physical activity and BMI were assessed objectively by accelerometers and trained research assistants, respectively. However, overall dietary intake (including intake outside of the home setting) was reported by parents, potentially resulting in bias. Additionally, we only looked at overall physical activity and dietary intake. It would be interesting to look at the associations of (in)consistency on behaviors in each setting separately. Furthermore, the sample size was limited, hampering correction for the multi-level structure of the data. Recruitment of child-care centers was challenging, as the Dutch child-care system was in a transitional phase during the research period, resulting in circumstances hampering recruitment (e.g. center bankruptcies). Furthermore, child-care practices of only one staff-member per group were taken into account in the current study. Additionally, highly educated parents were overrepresented. Furthermore, the combination of various outcomes and various practices resulted in a large number of associations examined, which increases the odds of false positive associations (type I errors). In addition, the data were cross-sectional, not allowing for causal inferences. Reverse causation could explain the contra-intuitive main effects of some practices (e.g. the positive association between MVPA and parents and staff promoting inactivity). In addition, while we assumed that inconsistency between settings caused undesirable child outcomes, one could also reason that parents and child-care staff might respond differently to undesirable child behavior (i.e. inactivity or unhealthy dietary intake), switching cause and consequence. However, child-care practices were assessed on group level, making it unlikely that child-care staff adapted their practices in response to an individual child's behavior. Longitudinal studies and intervention studies (aimed at promoting healthier practices while reducing inconsistencies and improving communication) with large sample sizes will be needed to further examine causality of the associations found in the current study. Furthermore, additional child outcomes should be included in future studies. Fruit and vegetable consumption were not included in the current study, for instance.

Conclusions {#sec017}
===========

In conclusion, the current study showed that inconsistencies in parenting and child-care practices exist, and that these inconsistencies seem to be associated with lower diet quality and lower activity levels in children. While qualitative studies provide us with ample indications of meso-system interactions, quantitative research is still lacking. We call for increased recognition of between-settings interaction in future research.
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